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Abstract 
Today people use information technologies in every area of their lives; it makes lives more systematic, clear and 
definite. This phenomenon appears in humanities too, in such sciences like history and social knowledge. Virtual 
space is developing, which is, certainly, very helpful and it brings every area of life to a new level. Different virtual 
environments, simulators and educational resources are created. They let people participate, study and train in 
inaccessible or impossible areas. In this paper we present practical approach of Virtual reconstruction of cultural and 
historical monuments of the Middle Volga in which we first create landscape, develop key-systems (such as roads 
and sound filling editors), then create visual content and finish with optimization and implementing produced assets.  
This project was created to achieve a lot of aims. First of all, we want to contribute in developing of digital history, 
save and systematize existing culture-historical monuments and information about them, to help form an image of 
Tatar Republic. Secondly, we want to expand virtual reality use. We want it to be not only an entertainment, but part 
of education. Our project expects wide audience of people interested in it. It will be helpful for studying history, 
because men learn history latently, while they are active in the game. So, this is the benefit of virtual 
reconstructions: users become part of virtual reality and certain world created in it. They try different roles, do 
different actions they cannot do in reality. In our educational game “Bolgar XIV” user can try a role of a citizen of 
ancient city; see defunct architecture and typical activity of that time. This game will attract people, who just want to 
play a game, but at the same time they will enrich their knowledge and images of this particular historic place. This 
makes virtual environment more of current interest and multifunctional. Creating virtual environment of ancient city 
of Bolgar help to understand and create our own technique of creating such culture-historical reconstructions. 
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1. Introduction 
The problem of interaction between a modern man and architectural space, the dynamic virtual space having 
recently been part of which, is studied by a wide range of specialists. The architect V.I. Iovlev (Ural SAAA, 
Ekaterinburg) presents this problem in two aspects: "as reflection of a space impact on the person, and as a process 
of human exploration of space." By analyzing the interaction between a man and space in time, he identifies the 
following positive phases of this process: orientation, adaptation, identification and sacralization [1].  
- Orientation is considered by the researcher as ideas about the location of the space binding to the cardinal, 
environmental quality, social and functional structure.  
- Adaptation is regarded as inhabitation manifested through spatial behavior and activities.  
- Identification through the personalization of the environment in accordance with social group and personal 
preferences of the architectural forms use. 
- Sacralization in the allocation of special zones of positive energy and information exchange in the 
figurative place reflection. 
 
Today, the interaction between a man and architectural space comes to a completely different level of 
technology, thus introducing the concept of the "electronic town museum." On the example of the medieval city of 
Bologna the Italian specialist Francesca Bocchi in the project NuME (Nouveau Musée électronique de la ville de 
Bologne), using the computer technologies of virtual reality creates urban space based on historical sources where a 
potential resident (a visitor of the virtual museum) can have a personalized activity [Francesca Bocchi Università di 
Bologna, Dip. di Discipline Storiche].  
Experience of the recreation of the historical cities such as Florence, Rome, and Bologna in the open computer 
analytical systems helps to deepen into the space for the purpose of critical knowledge of cultural values in general. 
Russian and foreign experience is of theoretical and practical interest to the developers (Research Laboratory 
"Information technologies and non-destructive methods of investigation of cultural heritage" organized at the 
Institute of International Relations, History and Oriental Studies of the Kazan Federal University as part of the 
program to improve competitiveness on the initiative of "Tatarstan Heritage", included in the UNESCO) of the 
project of historical and cultural geo-information system of the Bulgarian settlements and adjacent areas "Great 
Bulgaria". The aim of the work is to examine the stages of reconstruction of the virtual space, which has an 
analogue in the past (a specific historical period – the XIV century is considered), including the tasks of specialists.  
 
2. Creation of virtual environment 
During the work an urgent need of joint work of specialists from different disciplines was revealed. It should be 
noted that the work of scientists from different areas provides a diverse vision of the object and shows its 
relationship and penetration into different disciplines, which undoubtedly claims the need of joint work. 
D.I.Zherebyatev in his article writes [3]:"The presence of an interdisciplinary research team consisting of experts in 
different fields, allows putting absolutely new, non-trivial tasks in front of modern methodology of virtual 
reconstructions, where the product of the research itself - a virtual reconstruction of the complex - is the result of an 
interdisciplinary team research."  Not isolation but close cooperation with other disciplines to create new 
interdisciplinary methodologies forms the main direction of historical science development, providing the progress 
of social science as a whole [4]. The project recreating the old town of Bulgar is also being developed under the 
joint supervision of specialists of various fields: 
• historians, including archaeologists;  
• geologists, including paleontologists;  
• ethnographers;  
• architects;  
• 3D-modelers;  
• programmers and animators;  
• writers and sound directors.  
The bases for the reconstruction of the settlement are the materials provided by the Institute of International 
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Relations, History and Oriental Studies, the Department of Geophysics and Geoinformation Technologies, Institute 
of Geology and Petroleum Technology.  
In the course of work the territory of the Bulgarian fort was restored for the period of the XIV century on the 
basis of existing maps relating to this period. The city is situated on the left bank of the Volga, in plane it presents  a 
triangle with the sharp angle looking the South. 
 
Fig. 1. The map-scheme of the town-planning structure of the central part of Bulgaria in the period of the XIV century. 
 
The whole process of work was divided into several stages:  
1. creation of the landscape;  
2. development of the settlement road network editor;  
3. development of the sound filling editor;  
4. implementation of a dynamic system of the day change;  
5. performance of full topology of the Bulgarian settlement;  
6. model creation of buildings survived:  
The Cathedral Mosque, the Black Chamber, the East Chamber, the Khan's Palace, the North Mausoleum, 
the Small minaret.  
7. model creation of urban construction:  
The Forge, the Pottery Workshop, the Bakery, the Simple House, the House with the stone masonry, the 
Wooden house, the Shed, the Stove, the Protective Structures;  
8. model creation of accessories of various small architectural forms options;  
9. creation of three-dimensional characters, typical representatives of this unique cultural and historical 
period, of different ethnic and social groups;  
10. optimization of textures formation to reduce the total amount of resources used: social groups, ethnicity, 
ethnography, anthropology;  
11. placement of models on the landscape;  
12. composing of main theme music with the preservation of Turkic ethnic features;  
13. creating the interface;  
14. placing on the Internet.  
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Fig. 2. Drawing of the XIV century.  
 
As a means of creating an application the game engine Unity was chosen, as it provides fast development of 
graphics applications for multiple platforms, including browser-based web-format version (it is this platform that is 
the target for this project).  
To create three-dimensional models of buildings and characters Autodesk Maya software and Bender programs 
were used. For editing textures Adobe Photoshop CC program was applied.  
To start the work on the reconstruction it was necessary to gather all possible information on the project. In the 
first stage the presence of topographic and satellite maps was obligatory, in this project we used data from the map 
compiled by the Department of Geophysics and GIS technologies, which significantly accelerated the process of 
relief building. As a result, the work plan was prepared for starting the virtual reconstruction. It should also be noted 
that at this stage of the work there starts the relationship of a man and space in the orientation phase. The 
understanding of the fort location, its orientation and its personal characteristics appears. The understanding of the 
unique location of the Bulgarian settlement at the intersection of the forest and steppe zones and location of the two 
major rivers, the Volga and the Kama comes. All this provides a variety of resources and the development of 
settlements and as a consequence the land reclamation, development of agriculture and development of forestry and 
river fishery. The proximity of the two rivers allowed concentrating the main trade route from Europe and the Urals, 
Central Russia and Central Asia and other regions. The presence of mineral resources such as gypsum, clay, 
limestone contributed to the development of traditional crafts.  
With a three-dimensional plan with the main architectural objects reference points the placement of prototype 
models of buildings was not a problem. After finishing work on the placement of objects the reconstruction of soil 
and vegetation was started, together with specialists from the Institute of Oriental Studies and International 
Relations. At the same time, the work on the soundscape development was begun. The sound generation algorithm 
depending on the environment and territory soil cover was developed for this reconstruction.  
3. Models and Details 
The next step was the creation of optimized models to save the object in three-dimensional editors. Based on the 
models obtained by photometry of the surviving buildings there were reconstructed the low-poly models of the 
buildings: the Mosque, the Black Chamber, the East Chamber, the Khan's Palace, the North Mausoleum, the Small 
minaret. After all optimizations, such as the establishment of levels of detail (LOD), unification of textures, creating 
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a texture atlas, the prototypes of buildings was replaced by the ready-made models. It should be noted that almost all 
the surviving buildings have special function values. They emphasize the connection between a man and settlements 
on a spiritual level. The phase of sacralization shows revealing of spiritual, energy and life-affirming feelings.  
 
Fig. 3. The Cathedral Mosque (ambient occlusion, wireframe view). 
 
The next step was the recreation of not surviving to the present day ordinary building elements such as: the 
Forge, the Pottery Workshop, the Bakery, the Simple House, the House with stone masonry, the Wooden house, the 
Shed, the Stove, the Protective structures, as well as small architectural forms and everyday life objects. All models 
have been approved by specialists such as archaeologists and architects.  
Models residents are based on developments to recreate the characteristics, the skulls found during 
archaeological excavations. To develop a variety of costumes social groups were considered particularly Bulgarian 
robes 13-14 centuries (Figure 7). Phase adaptation manifested in the activities of man and his behavior, which 
undoubtedly affected our understanding of the Bulgarian man.  
The basis for the placement of characters and objects was the socio-ethnic city zoning. And phase identification 
can be viewed in our work as a link between our characters with society and spatial environment. Thus we come to 
the final stage of the creation of a virtual reconstruction of the Bulgarian settlement. 
 
Fig. 4. The Cathedral Mosque (Textured view) 
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Fig. 5. The Khan’s Palace (Textured view)  
 
 
Fig. 6. The Black Chamber (Textured view) 
  
On the basis of socio-ethnic sounding settlement were formulated and typical routes of different groups of people 
and tools designed to simulate everyday schedules.  
In the selection of musical accompaniment was considered the most archaic musical tradition - the ceremonial 
songs. Since this is the most ancient form of music with colorful and characteristic intonation, it is an indispensable 
material for the reconstruction of the music world. We used typical music without the poetic text.  
As a tool to access via a web browser plugin is used Unity Web Player, which allows you to interactively view 
threedimensional scenes. 
135 Ekaterina Razuvalova and Arthur Nizamutdinov /  Procedia Computer Science  75 ( 2015 )  129 – 136 
 




Virtual reconstruction of historical and cultural heritage, is the product of collaboration of various researchers, 
requires the presence of three-dimensional programs as an integral part of these studies. 
     It should be noted that we have tried to build a true virtual world using historical analogies and documents the 
user to be sure that the mound was built solely on the basis of well data. It is also assumed that the realization of all 
stages of human interaction and virtual space settlement will allow the visitor to a virtual museum to realize itself as 
a single entity with the ancient world Bulgar. 
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